Abstract. The complexity of sustainability complicates the design work and requires the implementation of Integrated Life Cycle Design. Due to the need of balance between environmental, social and economic aspects and the multitude of analysis indicators, the assessment of existing buildings is a multi-criteria problem too. The aim of the study is to compare three construction technologies -two traditional solutions and an innovative technology -in the aspect of sustainable development. The assessment was limited to the building envelope materials and included in entirety of 13 environmental, social and economic indicators, characteristic for the first stage of building life cycle. The absence of explicit dominance of one technology over another in terms of these factors was a starting point for the multi-criteria analysis. Based on the comparison of given technologies by WSM and TOPSIS methods, the multi-criteria analysis was carried out and the most advantageous technology was indicated. The results allow for an indirect selection of building materials to fulfil the sustainability requirements for the building.
Introduction
Since the United Nations Conference on Environment and Development (UNCED) in Rio de Janeiro, called the Earth Summit (1992), attention has been paid to the issue of sustainable development and to the implementation of its elements in various sectors of the economy. It is aimed at meeting the needs of the present without compromising the ability of future generations by harmonizing environmental, social and economic activities. These assumptions are reflected in construction industry too. The research undertaken in this area have different scopes and cover specific aspects of sustainability [1] , selected life cycle stages [2] , impacts or parts of a building, especially building materials [3] . However, the dynamic socio-economic development and changes in the construction industry require the update of research, correction of the assessment factors and the analysis of new technologies. The results obtained in this way form a basis to determine the development potential of selected technologies or indicating their shortcomings in the face of dynamic changes in construction industry.
Research methodology
The purpose of the study was to rank selected construction technologies (T1-T3) from the one that best satisfies sustainability requirements to the worst one. The assessment was limited to the building envelope materials and included in entirety of 13 environmental, social and economic indicators, characteristic for the first stage of building life cycle. The information contained in Environmental Product Declarations, catalogues and price lists of construction product manufacturers, and the data obtained from calculations were used in the analysis. The studies were carried out according to the currently applicable standards concerning the issue of sustainable building [4, 5] . Due to the complexity of the sustainability issue, the multi-criteria approach was proposed in the second part, as it would allow considering simultaneous influence of various factors on the solution priority. The technologies were analysed using the WSM (Weighted Sum Method) and TOPSIS method (The Technique for Order of Preference by Similarity to Ideal Solution). The most advantageous technology was indicated on the basis of the obtained results.
The subject of the analysis
The subject of the analysis was a single-family one-storey residential building, located in Poland, made with the technology of self-supporting building development systems based on foamed polystyrene (T1) with a usable area of 110.75 m 2 . For the purpose of the study, alternative conventional solutions such as: technology of timber frame building (T2) and technology using ceramic construction materials (T3) were considered. Comparison was made on the basis of building material impacts per 1 m 2 .
Environmental aspect analysis
Environmental analysis covered 11 indicators selected from those proposed by the standard EN 15643. The values of the indicators were determined on the basis of Environmental Product Declarations (EPD) and the results of material consumption analysis for building envelope. The calculation was carried out using the following formula (1): [6, 7] determined on the basis of relation (2) was used to rank the analysed technologies:
where: The reference values and weights of the environmental indicators were taken according to [6, [8] [9] [10] and shown in Table 1 . 
Social aspect analysis
The social aspect analysis was based on one of the categories indicated by the EN 15643-3: health and comfort, taking into account thermal characteristics. This criterion was represented by the heat transfer coefficient of the external wall, its value was calculated on the basis of the relation:
where: 
Economic aspect analysis
According to the convention and scope of the research, the prices of building envelopes materials per usable area unit were assumed representative for the assessment and comparison of the technologies. The prices were calculated on the basis of data contained in the catalogues of material manufacturers. Moreover, using the formula (4), relative increase in prices for the technologies was determined, as compared to the lowest price: 
Multi-criteria analysis
According to the general principles of building sustainability [5] , all 3 aspects of sustainable development are necessary elements in the systemic approach. Therefore, it is required to consider simultaneous influence of environmental, social and economic impacts. A multi-criteria analysis based on WSM and TOPSIS methods is applicable in this issue, in order to minimize the subjectivism and assurance of result reliability. Environmental, social and economic aspects (analysis criteria) were represented by Ecopoint (Ep), heat transfer coefficient (U) and price of material (Pm), respectively. WSM: The Weighted Sum Method is a mathematical method to optimize solutions and to support the decision-making process while required to consider various factors simultaneously. The values of synthetic indicators proper for each technology were determined using the formula [11] :
TOPSIS:
The essence of this method is to find among the analysed solutions the one, closest to the ideal solution to satisfy the required criteria as much as possible, at the same time most distant from the anti-ideal solution. This method is currently widely used in relation to the sustainable development and sustainable building as well. The search for the most advantageous solution is carried out in several stages, described in detail e.g. in [13] . Relative closeness to an ideal solution has been determined using the formula [14] :
where: In both -WSM and TOPSIS method -the equivalence of the environmental, social and economic aspects, according to the idea of sustainable development, was assumed. Thus the weights Wi for sustainability aspects, being analysis criteria, are equal (Wi=1/3).
Research results

Environmental aspect analysis
The environmental indicators chosen in the analysis are dis-stimulants. Therefore, there is an attempt to find a technology, which would reach lowest Ecopoints value and thus would have the most advantageous environmental profile. Fig. 1 shows research results in form of a cumulative diagrams of environmental indicators and Ecopoint values for each technology.
The most advantageous result (Ep=0.108) is achieved by the timber frame technology. In a large extent this is caused by the impact of T2 technology on global warming. Timber is a renewable resource, forest vegetation contributes to CO2 reduction in the atmosphere. Other indicators (apart from FW) remain also at a relatively low level. The worst result is achieved by the T1 technology (Ep=0.457). The reasons are considerable impact on global warming and high photochemical ozone creation potential. 
Social aspect analysis
The tables 2-4 illustrate arrangement of layers, heat transfer coefficient values and thicknesses of external walls for T1-T3 technologies. The coefficient U in technology T2 is close to the value for technology T3 (wall being twice thinner). The lowest value of coefficient U is observed for technology T1, which results from considerable thickness of the main material (30-74 cm) and low λ value of this material.
Economic aspect analysis
In order to assess and compare the technologies, the prices of building envelopes materials were calculated per 1 m 2 of usable area and the results are shown in Table 5 . The technology T1 detects the lowest price of materials per usable area unit. Thus, the price of materials used in technology T3 is almost 29% higher. The highest price of materials is observed for technology T2. Erection of a building in this technology requires that properly selected, assorted and processed timber is used, what generates high material costs. The price is almost 36% higher than the lowest price, assessed and shown in Table 5 .
Multi-criteria analysis
WSM:
The original and normalized measures of criteria (sustainable aspects) and their weights are shown in Table 6 . The most advantageous technology shows the highest value of synthetic indicator ( t J ). It is observed that technology T2 is the prevailing one due to the significant predominance of this solution with reference to the environmental aspect (Table 6 ). Technology T1 is the second in ranking as a result of low environmental efficiency characterised by the Ecopoint rate value and high social and economic performance TOPSIS: Comparisons shown in Table 7 were obtained as a result of applying the TOPSIS method to solve the problem of selecting the technology that would best satisfy all of the main criteria. 
Conclusions
In the study the authors have proved usefulness of the multi-criteria analysis in selecting a technology, which would most effectively fulfil the sustainable building assumptions. Indirectly this analysis simplifies the materials selection in the process of integrated design and evaluation of innovative technologies due to the sustainable development principles. Following the entries in the standard EN 15643 and studies of other authors it was proposed to apply 13 assessment indicators from the environmental, social and economic groups to the three building construction technologies. The ranking process was carried out using two methods of multi-criteria analysis -WSM and TOPSIS. The completed research proves that the timber frames technology is the most advantageous among all considered in the analysis, what is largely the result of the environmental efficiency. The technology of selfsupporting building development systems based on foamed polystyrene is in the second place, due to the most advantageous social and economic profile and simultaneously very low environmental performance. It should be emphasised that the currently promoted issue of sustainable development in construction industry is still not adequately popularised among users of single-family residential buildings, hence it should be expected that the economic and social aspects will be more important for the decision makers (users, inhabitants) than the environmental ones. Considering this assumption and the obtained research results, it is found that new and only recently being developed technologies are close to optimal in given conditions. It is necessary to carry out further studies, taking into account other stages of the building life cycle and adding to the analyses other important criteria, particularly social and economic. Relations between research methods and results are also found, different rankings are anticipated, while other methods will be used.
